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The flowers of Crinum variabile (Amaryllidaceae) exhib-
it the characteristics of sphingophily, including a long-
tubed, pale-coloured perianth that expands more fully at
night, a strong sweet fragrance dominated by the
acyclic terpenoid alcohol, linalool and abundant nectar.
The hawkmoth Hyles lineata (Sphingidae) was recorded
as a pollinator of the species. A total of 22 species of
southern African Amaryllidaceae in the genera Crinum,
Cyrtanthus and Pancratium conform to the syndrome of
sphingophily. Sphingophilous species of
Amaryllidaceae are widely distributed across southern
Africa, most commonly in savannah and grassland but
are almost absent from the winter-rainfall parts of the
region. The uneven distribution of these species in
southern Africa correlates with a shortage of appropri-
ate larval food plants in the Cape Region.
Very little is known about the pollination biology of
Amaryllidaceae in southern Africa (Meerow and Snijman 1998)
although it is clearly diverse, judging from the floral variation
evident in the family. Observed or inferred pollinating agents
include sunbirds, butterflies and moths, bees, and long-pro-
boscid flies. Moth-pollination appears to be an important strat-
egy in several genera and white, long-tubed crateriform flow-
ers that conform to the syndrome of hawkmoth pollination, or
sphingophily, occur throughout the family (Morton 1965, Grant
1983). Actual pollination by hawkmoths has, however, been
documented relatively rarely. Exceptions include Crinum asi-
aticum Blanco in Singapore (Knuth and Loew 1904–1905), C.
erubescens H. B. and K. in Brazil (Silberbauer-Gottsberger
and Gottsberger 1975), C. jagus (Thomp.) Dandy in Ivory
Coast (Brantjes and Bos 1980), C. flaccidum Herb. in Australia
(Howell and Prakash 1990), Narcissus tazetta L. in Israel
(Arroyo and Dafni 1995) and Pancratium maritimum L. in the
Mediterranean (Esikowitch and Galil 1971). As Grant (1983)
aptly points out, hawkmoth flowers are easy to predict but dif-
ficult to document. This paper represents the first documented
observations on hawkmoth pollination in the southern African
Amaryllidaceae, although Marloth (1915) reported visits of an
unnamed hawkmoth to Amaryllis belladonna L. The distribu-
tion of apparently sphingophilous species of Amaryllidaceae in
southern Africa is also examined.
Materials and Methods
The plant
Crinum variabile (Jacq.) Herb. is a deciduous geophyte from
the Northern Cape, occurring from Steinkopf and the
Kamiesberg in the north, along the Bokkeveld and
Roggeveld Escarpments to Biedouw and the Bo-Visrivier
respectively in the south. The species is restricted to river-
courses that drain into the Atlantic Ocean, particularly the
drainage basins of the Doring, Groen and Vars Rivers. Plants
grow in the beds of streams or along the banks and are usu-
ally dry for some months as the rivers are strongly seasonal.
Flowering takes place in late summer towards the end of the
dry season, between January and March, before vegetative
growth begins. The inflorescence is umbellate with 6–12
flowers borne on a stout scape to 40cm tall. The flowers are
funnel-shaped with a curved, narrowly cylindrical tube
30–40mm long and tepals 15–20mm long that recurve at the
tips (Figure 1). These are white to pale pink flushed with yel-
lowish green at the base and pink along the midrib on the
outer surface but become flushed deeper pink throughout as
they fade. The filaments are 35–50mm long and inserted at
the mouth of the tube. They are of different lengths with the
inner 8–10mm longer than the outer. The filaments and style
are declinate, lying on the lower tepal and curving upwards
towards the tips. The style is somewhat longer than the fila-
ments and the capitate stigma is thus situated in front of the
anthers. The flowers have a strong, sweet, lily-like fragrance.
Study site
The observations were made in March 2001 on two popula-
tions, one on the Doring River just above the Nieuwoudtville
Waterfall seven kilometres north of the town (31°18’30”S,
19°7’30”E) and the other some 20km away on a tributary of
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the Doring River, the Hantams River, on the farm
Kareeboom Kolk (31°11’45”S, 19°12’45”E).
Pollinator observations
The populations were observed for floral visitors at various
times of the day and on three evenings from before sunset
to two hours afterwards.
Nectar measurement
Nectar volume measurements were made from inflores-
cences that had been picked and kept in water for two nights.
The tepals were sliced off a short distance above the mouth
of the tube and the nectar withdrawn by inserting a 25μl cap-
illary tube down to the base of the tube. The percentage of
sucrose equivalents in fresh nectar was measured using a
Bellingham and Stanley hand-held refractometer (0–50%).
Fragrance analysis
Freshly picked flowers were sampled for floral fragrance. The
fragrance was sampled onto glass capillary tubes packed
with Poropack by drawing air through the tubes with a vacu-
um pump from glass chambers containing open flowers.
Floral fragrance chemistry was analysed by R Kaiser,
Givaudan-Roure Research Ltd., Switzerland, by gas chro-
matography using a DB-Wax Capillary column (Kaiser 1993).
Biogeographical analysis
Species of southern African Amaryllidaceae showing a floral
syndrome of pale-coloured, heavily scented flowers with a
nectar-containing tube more than 25mm long were assumed
to be sphingophilous (Grant 1983, Knudsen and Tollsten
1993, Proctor et al. 1996). The distribution of these species
was taken from available revisions (Björnstad 1973,
Verdoorn 1973) augmented with recent records from local
herbaria (NBG, PRE and SAM).
Results
Floral phenology
Anthesis is crepuscular, the perianth expanding between
18:00 and 19:00 and the anthers dehiscing from about 19:00.
Sunset at this time (March) is around 18:15. Flowers are
protandrous, the anthers dehiscing on the first evening but
the stigma expands and is presumably receptive only from
the following morning. The tepals recurve more markedly
during the evening, thereby rendering the flower more broad-
ly funnel-shaped. Simultaneously the floral outline becomes
increasingly dissected as the sinuses between the tepals are
revealed. The flowers wither on the morning of day 5 and
flower life is thus four evenings. The flowers remain open day
and night throughout their life. Flowers that were in bud when
an inflorescence was picked and kept in the vase showed no
sign of seed set whereas the ovaries of those flowers on the
same inflorescence that had been open when picked showed
distinct swelling. This suggests that flowers will not self-polli-
nate and that cross-pollination is necessary for seed set.
Fragrance
Flowers have a strong, sweet, lily-like fragrance that is
released throughout the day and night. It is perceptibly
stronger and sweeter at night, however, and rather sour dur-
ing the day. Analysis of the fragrance at night indicates that it
is dominated by linalool (46%) and ocimene (23%), with
smaller amounts of methyl benzoate (7.9%), linalool oxides
(6%), nerolidol (3.4%), 1-nitro-2-phenylethane (2%), eucalyp-
tol (1.5%) and myrcene (1.2%). Trace concentrations (>1%)
of several other compounds are also present (Table 1). 
Floral rewards
Freshly opened flowers appeared to contain little nectar but
substantial quantities (30–50μl, x=34 + 2.5μl, N=5) of rela-
tively dilute nectar with a sugar concentration between
19–25% (x=22.5 + 2.7%, N=5) had accumulated in the floral
tube after 36 hours.
Pollinator observations
No floral visitors were observed during the day. In the early
Figure 1: Floral morphology and pollination of Crinum variabile; (A)
the hawkmoth Hyles lineata visiting a flower of C. variabile; (B) half
flower of C. variabile and silhouette of H. lineata. Artist: John
Manning
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evening honeybees (Apis mellifera, Hymenoptera: Apidae)
actively collecting pollen congregated on the freshly
dehisced anthers of flowers that were opening for the first
time but did not visit older flowers. The only other floral visi-
tor observed was the hawkmoth Hyles lineata (Esper)
(Lepidoptera: Sphingidae) (Figure 1). This moderate-sized
moth has a total body length of ca. 30mm and a proboscis
23–26mm long. The moths appeared for a brief window of
20 minutes soon after nightfall, from 19:10 to 19:30. During
this period several moths were very active, visiting each
flower on an inflorescence before moving to adjacent plants.
The insects hovered briefly in front of the flowers before
entering the floral cup with their entire body and probing into
the floral tube to the full extent of their proboscis. During this
process the underside of their bodies contacted the anthers
and stigmas. Examination of five captured insects revealed
quantities of pollen grains adhering to the scales on the
underside of the abdomen.
Biogeography
In total, some 23 southern African species of Amaryllidaceae
in the three genera Crinum (21 spp.), Cyrtanthus (1 sp.) and
Pancratium (1 sp.) conform to the syndrome of sphingophi-
ly. Although widely distributed across southern Africa, these
sphingophilous species are most commonly found in savan-
nah and grassland. They are almost absent from the winter-
rainfall parts of the region (Figure 2), with the single excep-
tion of Cyrtanthus leucanthus Schltr., which is a narrow
endemic of the coastal forelands between Betty’s Bay and
Potberg in Western Cape.
Discussion
Crinum variabile displays all the features of the syndrome
associated with pollination by nocturnal moths (Grant 1983,
Proctor et al. 1996). These include the white perianth with a
slender tube containing plentiful nectar, heavy sweet fra-
grance and crepuscular anthesis. The long perianth tube
(more than 30mm long), is especially characteristic of flow-
ers specialised for pollination by hawkmoths (Sphingidae)
(Knudsen and Tollsten 1993). The fragrance of C. variabile
is very similar to that of other sphingophilous species that
have been analysed (Knudsen and Tollsten 1993). Floral fra-
grances of sphingophilous species are typically rich in
linalool compounds, while the presence of oxygenated
sesquiterpenes, such as nerolidol, is characteristic of the
scent of these flowers (Knudsen and Tollsten 1993).
The floral biology of C. variabile coincides closely with that
reported for the Australian species, C. flaccidum (Howell and
Prakash 1990). The flowers of both species are protandrous,
with the stigma expanding on the morning after anthesis,
which occurs in the late afternoon or evening. The perianth
expands more fully at night than during the day and the flow-
ers last for several days, during which time relatively large
quantities of moderately dilute nectar are secreted.
Only one species of hawkmoth, Hyles (=Celerio) lineata,
was observed visiting the flowers of C. variabile. The pro-
boscis of H. lineata is significantly shorter than the floral tube
of C. variabile, so the moth must probe the tube to the full
extent of its proboscis in order to gain access to the nectar.
In doing so the insect enters the flower completely, in the
process of which its abdomen contacts the anthers and
picks up pollen on the ventral surface. H. lineata appears to
be the primary or sole pollinator of C. variabile in this part of
the species’ range at least. The flowers of C. variabile do not
set seed without active pollination, suggesting that outcross-
ing is important for successful seed set. Outcrossing in this
species, as in others in the genus, is promoted by both spa-
tial and temporal separation of the pollen and stigmas.
Although the spatial separation between stigmas and
anthers in Crinum is relatively small, it has been shown to be
highly effective when considered in relation to the behaviour
of hawkmoth pollinators (Brantjes and Bos 1980).
Hawkmoths in general are not species’ specific in their
nectar sources (Faegri and Van der Pijl 1979) and H. linea-
ta is a widespread species (Pinhey 1975) that is known to
feed on a variety of flowers across its range (Knoll 1925,
Grant 1983, Johnson and Liltved 1997). It is more usual that
a suite of local hawkmoth species utilises a particular nectar
source and at least three species of hawkmoth have been
recorded visiting C. flaccidum in Australia (Howell and
Prakash 1990). The relative effectiveness of each hawkmoth
species as a pollinator depends largely on the relative pro-
portions of the flower and the insect (Johnson 1994,
Johnson and Liltved 1997). In Crinum these are the tube and
Table 1: Fragrance composition of Crinum variabile (components
less than 0.01% are not itemised)
Compound Percentage
Alpha-pinene 0.40
Beta-pinene 0.10
Sabinene 0.10
Mycrene 1.20
Limonene 0.40
Eucalyptol 1.50
(Z)-Ocimene 1.50
(E)-Ocimene 21.60
(Z)-3(4)-epoxy-3,7-dimethyl-1,6-octadiene 0.20
(E)-3(4)-epoxy-3,7-dimethyl-1,6-octadiene 0.60
3-ME-2,4-pentadienal 0.30
Rose furan 0.10
trans-Linalool oxide (Furanoid) 2.70
cis-Linalool oxide (Furanoid) 3.30
(E)-Ocimene epoxide 0.80
2-Methylbutyraloxide 0.60
Isovaleraldoxime (E/Z CA 2:1) 0.50
Benzylaldehyde 0.30
Linalool 46.00
Epoxy-rose furan 0.10
Methyl benzoate 7.90
Alpha-terpineal 0.50
Phenylethyl alcohol 0.20
Phenylacetonitrile 0.50
(E)-Nerolidol 3.40
1-Nitro-2-phenylethane 2.00
Indole 0.20
Benzyl benzoate 0.20
Other 0.86
TOTAL 98.06
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filament length of the flower, and the body and proboscis
length of the moth. The honeybees that collect pollen from
freshly dehisced anthers in both C. flaccidum and C. vari-
abile are unlikely to play a significant role in pollination as
the insects do not visit older flowers with receptive stigmas. 
By morphological analogy it can be inferred that all
species of Crinum are adapted to pollination by hawkmoths
and the same syndrome is also evident in the Old World
genus Pancratium, which is likewise assumed to be sphin-
gophilous. Only one other southern African species of
Amaryllidaceae (Cyrtanthus leucanthus) conforms to the
syndrome, although earlier literature (Marloth 1915) erro-
neously inferred that the fragrant, long-tubed flowers of var-
ious Gethyllis species were sphingophilous. In fact the floral
tube in this genus is solid, serving as a pseudopedicel, and
the flowers are actually mellitophilous. Two main floral mor-
phologies are evident among the sphingophilous species of
southern African Amaryllidaceae (Verdoorn 1973, Meerow
and Snijman 1998), corresponding to brush and gullet types
of flower respectively (Faegri and Van der Pijl 1979). In
Pancratium and some species of Crinum the flowers are
hypocrateriform and often held erect with linear to narrowly
lanceolate tepals and spreading stamens with well-exerted
anthers. In Cyrtanthus and the remaining species of Crinum,
however, the flowers are spreading and funnel-shaped with
lanceolate to ovate tepals and more or less declinate sta-
mens with the anthers not, or only shortly, protruding beyond
the floral cup. The funnel-shaped flowers with declinate sta-
mens appear to be associated with sternotribic deposition of
pollen on the thorax or abdomen of moths that may settle
within the flower. In contrast, the hypocrateriform flowers
with spreading stamens presumably deposit pollen on the
wings of hovering moths. Differences in the length of the
perianth tube between species of Crinum suggest that dif-
ferent moth species act as optimal pollinators for each.
The incidence of sphingophily in southern African
Amaryllidaceae compares favourably with figures for temper-
ate North America. With 15 species in 3 genera (Crinum,
Hymenocallis and Zephyranthes) recorded across the region,
Amaryllidaceae is one of the largest plant groups with hawk-
moth flowers in the North American flora (Grant 1983). In
southern Africa, sphingophilous species of Amaryllidaceae,
Figure 2: Distribution and frequency of occurrence of sphingophilous species of Amaryllidaceae in southern Africa. (Boundary of the Cape
Floral Region after Goldblatt and Manning 2000)
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although widely distributed across the subcontinent, are most
common in savannah and grassland but are almost absent
from the winter-rainfall parts of the region. Significantly, both
of the predominantly sphingophilous genera of southern
African Amaryllidaceae are largely tropical, with only a single
species of Crinum extending substantially into the winter-
rainfall region. Although the family, especially the tribe
Amaryllideae, has radiated in the Cape Region (Snijman
1999), none of the genera that have radiated in this region
have adapted to hawkmoth pollination to any significant
extent. Sphingophilous taxa of Amaryllidaceae in the Cape
Region comprise less than 2% of the species. This is in
marked contrast to the situation in southern Africa outside of
the Cape Region, where the percentage of sphingophilous
taxa is nearer 18%. A survey of the total flora of the Cape
Region suggests that in fact very few other plant species in
the region are specialised for hawkmoth pollination. A notable
exception is the largely tropical orchid Bonatea speciosa
(L.f.) Willd. Although pollination of Bonatea speciosa in the
Cape Region by the hawkmoths Theretra capensis (L.) and
Hyles lineata has been recorded (Johnson and Liltved 1997),
this orchid is a constituent of coastal shrub, which occurs
along much of the subtropical African littoral and is not essen-
tially a Cape vegetation type. The paucity of sphingophilous
species in the Cape Region is unusual since the region is
characterised by a diversity of pollination systems, and spe-
cialised pollination strategies are particularly well-developed
there (Goldblatt and Manning 2000). Phalaenophily or polli-
nation by noctuid moths, on the other hand, is well developed
and numerous plant species in a range of families, including
Amaryllidaceae, are or can be inferred to be adapted to pol-
lination by noctuid moths. In Amaryllidaceae these include
Amaryllis, Cybistetes and Cyrtanthus odorus Ker Gawl. The
relatively depauperate hawkmoth fauna in the Cape Region
correlates with a scarcity of appropriate larval foodplants in
the region (Johnson 1997). Published larval host records for
southern African hawkmoths (Pinhey 1975) indicate that the
medium-sized and larger hawkmoths rely predominantly on
members of the families Loganiaceae, Rubiaceae and
Vitaceae as larval foodplants. These are essentially plant
families of subtropical savannah, grassland and forest and
are not characteristic of the Cape Flora (Goldblatt and
Manning 2000). The exceptions are Hyles lineata, which is
also recorded to feed on the succulent genera Aloe and
Bulbine (Asphodelaceae), both of which are important com-
ponents of the winter-rainfall succulent karoo vegetation, and
Hippotion eson (Cramer), which feeds on Zantedeschia
(Araceae), which is scattered through large parts of the
region in damp places. It appears, therefore, that the near-
absence of sphingophilous species in the Cape Region is
due to the fact that the vegetation types that characterise the
region, in particular fynbos and renosterveld, support few of
the appropriate larval foodplants. 
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